In contrast to the water-poor inner solar system planets, stochasticity during planetary formation (Alibert & Benz 2017; Raymond & Izidoro 2017) and order of magnitude deviations in exoplanet volatile contents (Kaltenegger 2017) suggest that rocky worlds engulfed in thick volatile ice layers (Kuchner 2003; Léger et al. 2004 ) are the dominant family of terrestrial analogues (Tian & Ida 2015; Ramirez & Levi 2018) among the extrasolar planet population. However, the distribution of compositionally Earth-like planets remains insufficiently constrained, and it is not clear whether the solar system is a statistical outlier or can be explained by more general planetary formation processes. Here we employ numerical models of planet formation, evolution, and interior structure, to show that a planet's bulk water fraction and radius are anti-correlated with initial 26 Al levels in the planetesimal-based accretion framework. The heat generated by this short-lived radionuclide rapidly dehydrates planetesimals (Grimm & McSween 1993) prior to accretion onto larger protoplanets and yields a system-wide correlation (Millholland et al. 2017; Weiss et al. 2018 ) of planet bulk abundances, which, for instance, can explain the lack of a clear orbital trend in the water budgets of the TRAPPIST-1 planets (Dorn et al. 2018) . Qualitatively, our models suggest two main scenarios of planetary systems' formation: high-26 Al systems, like our solar system, form small, water-depleted planets, whereas those devoid of 26 Al predominantly form ocean worlds, where the mean planet radii between both scenarios deviate by up to ≈10%.
Main Text
In the early solar system, the decay heat from the short-lived radionuclide 26 Al (t 1/2, 26 Al ≈ 0.72 Myr) powered the interior evolution of planetesimals, the seeds and building blocks of the rocky planets, and led to silicate melting (Fu & Elkins-Tanton 2014; Lichtenberg et al. 2016a ) and degassing of primordial water abundances (Grimm & McSween 1993; Monteux et al. 2018) . Here, we explore the systematic effects of 26 Al on rocky planetary systems using numerical models of planetary formation (Benz et al. 2014) with 26 Al-induced water loss from planetesimals during the main accretion phase (Monteux et al. 2018) . We generate synthetic planet populations with internal structures defined by the planets' composition, which result in statistical variations of planet water abundance and (transit) radius.
In the models presented, initially Moon-sized protoplanets grow from the accretion of 1-100 km-sized planetesimals and gas, and migrate within the protoplanetary disk of G or M-type systems (Methods). The initial location of the embryos and the starting disk structures and boundaries are randomized to reflect the diversity found in observed young planetary systems (Ansdell et al. 2016) . Planetesimals are set to be dry within the snowline and icy outside, with a decreasing water mass fraction over time, calculated from planetesimal interior models that account for the dehydration from internal radiogenic heating of 26 Al. Here, we account for accretion of planetesimals only, and ignore the potential contribution from smaller particles, such as pebbles (Johansen et al. 2015; Schiller et al. 2018; Alibert et al. 2018) . The heating rate in the planetesimal interior is controlled by the amount of 26 Al incorporated upon planetesimal formation, which may vary substantially between planetary systems (Lichtenberg et al. 2016b; Lugaro et al. 2018) . We account for this variability by generating synthetic planet populations with different planetesimal radii, r plts = 3, 10, 50 km, and initial 26 Al abundances of 26 Al 0 ∈ [0.1, 10] × 26 Al , with 26 Al the solar system's 'canonical ' ( 26 Al/ 27 Al) 0 at CAI formation, and compare them to a nominal case without 26 Al-heating (for further details on the models see Methods). For each combination of r plts , 26 Al 0 and stellar type (G or M) we performed 30'000 single planet simulations (Alibert & Benz 2017; Benz et al. 2014) , resulting in a statistically representative set of 540'000 individual simulations over 18 parameter sets (cf. Fig. 1 ).
The control of 26 Al 0 and r plts on the retention of water within planetesimals and resulting planet populations from a given set of initial conditions are shown in Fig. 1 . Planetesimals with larger r plts and higher 26 Al 0 dehydrate faster and up to 100% for extreme values. Rooted in our conservative choice for dehydration (Methods), the total water loss divides the parameter range into two distinct regimes. The first consists of almost pristine water-rock ratios for small planetesimals with low 26 Al 0 . However, for 26 Al 0 26 Al and planetesimals with r plts 10 km, water loss is nearly complete (Fig. 1a,b) .
For distinct combinations of 26 Al 0 and r plts , we simulate the influence on the expected planet population for planet masses M P ∈ [0.1, 10] × M Earth (Fig. 1c) . Because the timescale for water-loss caused by 26 Al-heating is significantly shorter than the accretion timescale, sufficiently 26 Al-enriched planetesimals are mostly dry when they accrete onto protoplanets. Therefore, the final planet water mass fractions are correlated with the retained water fraction in planetesimals due to 26 Al-heating. The planet desiccation caused by the accretion of ever-more dehydrated planetesimals reduces the inherent scatter and range in f H 2 O in the synthetic planet populations (cf. Fig. 1c and 2a,b) . For fixed planetesimal radius and increasing 26 Al 0 , accreting planets receive more relative mass contribution from dry objects and end up water-depleted relative to nominal conditions. 26 Al 0 at planetesimal formation can be translated into planetesimal formation time after CAIs for solar system objects. The orange line depicts the approximate lowest mass planetesimals inferred for the early solar system planetesimal population (Delbo et al. 2017) . (c) Distribution and shift in planet bulk water abundances for specific planetesimal configurations from a and b, for planet masses M P ∈ [0.1, 10] × M Earth and f H 2 O > 0. The legend for the violin distributions is given in the upper-right box. Each configuration shows the statistical distribution of f H 2 O in a synthetic planet population generated from our model. The white dot in the gray bar in the middle of each violin histogram represents the median of the entire (combined G and M star) planet population, the horizontal gray bar the interquartile range (middle 50% of the population within the bar, upper and lower 25% outside the bar), again combined. The vertical solid and dashed lines in the upper and lower violin histogram represent the median and interquartile range, respectively, for the G or M star planet population in isolation. The water retention in planetesimals from a and b is correlated with the final retained water in c (color scales in b and c are equal).
In the solar system, the initial planetesimal size frequency distribution is expected to have been dominated by bodies with r plts 30-50 km (Delbo et al. 2017 ). For such bodies, the equilibrium between radiogenic heating and surface cooling stabilizes internal temperatures for an extended timespan at spatially isothermal conditions (Lichtenberg et al. 2016a) . Therefore, the fractional dehydration in Fig. 1b Fig. 2 ). M and G stars overall display a similar trend, but M stars form smaller planets on average, due to their lower initial budget of planet-forming material.
The emerging trend from our simulations is illustrated in Fig. 3 , with a clear distinction between planetary systems that are significantly enriched ( 26 Al 0 26 Al ), and those that are not. In general, 26 Al is expected to be abundant but inhomogeneously distributed within young star-forming regions (Lichtenberg et al. 2016b; Kuffmeier et al. 2016 ). According to our 26 Al 0 only rarely and stochastically form planets with low water mass fractions due to rapid inward migration. The clustering for 26 Al 0 = 0 at the maximum water mass fraction is inherited from the chosen initial composition of planetesimals beyond the snowline (Methods). It is important to note that the areas of clustering locate the maximum water mass fractions for a given planet mass within a synthetic population, i.e., planets that are formed entirely beyond the snowline. For example, all planets from the synthetic population with r plts = 3 km, and 26 Al 0 = 10 × 26 Al , show water mass fractions f H 2 O 15 wt% for M P ≥ 0.1 M Earth . G stars (a) on average form higher-mass planets than M stars (b) because of their higher initial total mass budget in the disk. The TRAPPIST-1 planets are shown as inferred by Dorn et al. (2018) for the planet masses from Grimm et al. (2018) (light green) and with potential systematic shifts in the data accounted for (dark green). They are consistent with being formed in a planetary system with 26 Al 0 26 Al and r plts 10 km and plot in sparsely populated regions of the 26 Al = 0 planet populations.
simulations, planets in enriched systems grow from ever-more dehydrated planetesimals and form desiccated planets in their terrestrial planet zone. Depending on the initial planetesimal sizes, final planet water fractions are up to two orders of magnitude below the initial planetesimal water mass fractions, and are strongly correlated with the efficency of dehydration during accretion ( Fig. 1) . The bulk volatile mass fraction has the greatest influence on the structure and mass-radius relation of a rocky planet (Noack et al. 2017; Unterborn et al. 2018) . Therefore, we anticipate the resulting smaller radii (from lower water mass fraction) for higher 26 Al levels to be reflected in the galactic exoplanet population. For deviations in planet bulk water fractions predicted here, the thickness of the volatile layer on top of the silicate mantle constitutes several per cent of the radius (Kuchner 2003; Léger et al. 2004; Alibert 2014; Noack et al. 2017) . We calculate this deviation in our synthetic populations by translating the derived planetary masses and compositions into a mean radius in a given mass bin (Fig. 4) using interior structure models that are sensitive to the total planet mass, its water and (captured) hydrogen/helium mass fraction, and the surface pressure (Methods). For the entire populations of planets among G and M stars, the radius deviation reaches up to 2% for 1 × 26 Al , and can go up to ≈4% deviation for Mars-sized planets for 10 × 26 Al or r plts = 50 km, respectively. If we only consider planets that accrete a minimum amount of water (planets that receive some mass contribution from beyond the iceline), with 10 × 26 Al , or 1 × 26 Al with r plts = 50 km, the mean-radius shift can reach up to ≈10%. Planetary systems with high 26 Al 0 ( 26 Al 0 1-10 × 26 Al ) form water-depleted planets and with system-wide smaller radii compared to the non-enriched population.
Such deviations are expected to be measurable by the planned PLATO mission (Rauer et al. 2014 ), which will aim to characterize a statistical ensemble of planetary radii in the rocky planet regime. The intrinsic compositional scatter in the inferred mean densities from known exoplanets suggests a large stochastic component in the planet formation process. Yet, recent analyses of data based on Kepler multi-planet systems provided strong evidence for intra-system correlation between planetary radii (Millholland et al. 2017; Weiss et al. 2018) . Therefore, in the exoplanet census probed so far, the fate and long-term structure of planets seems to be dominated by physical and chemical effects on a system-to-system level, rather than emerging from intra-system stochasticity during accretion, such as impact stripping (Marcus et al. 2010; Inamdar & Schlichting 2016) . With future access to a statistical ensemble of low-mass planet radii from exoplanet-focused missions, the highly 26 Al-enriched systems, such as the solar system, where planetary radii deviate by several per cent from the population of 26 Al-poor systems, may stick out from the mean of the population and provide clues about the underlying 26 Al distribution of planetary systems. For example, the system-wide water depletion of the TRAPPIST-1 planets Dorn et al. 2018 ) is consistent with 26 Al 26 Al -induced desiccation (Fig. 2) . The atmospheres of the TRAPPIST-1 planets seem to be secondary (de Wit et al. 2018) , and may have lost several Earth ocean equivalents of water (Bourrier et al. 2017) . However, to account for the consistency of especially the outermost planets e-h with near Earth-like volatile abundances and lack of an orbital trend in water budget (Dorn et al. 2018) , an order of magnitude depletion mechanism, such as suggested here, must affect all of the planets. Therefore, the retrieved low water mass fractions of the TRAPPIST-1 Dorn et al. 2018) planets are unexpected from formation and evolution models (Tian & Ida 2015; Ciesla et al. 2015; Ormel et al. 2017; Alibert & Benz 2017; Unterborn et al. 2018) , and present a severe challenge for current planet formation scenarios. The 26 Al desiccation mechanism we put forward achieves system-wide water depletion for G and M stars without the need to fit specific accretion dynamics, as it has been proposed (Ormel et al. 2017; Unterborn et al. 2018) . However, because the TRAPPIST-1 system is just the first of perhaps many such systems, coordinated observational efforts will be re- quired to establish population characteristics for similar systems, in order to distinguish between 26 Al desiccation and migrationdriven mechanisms (Ormel et al. 2017; Unterborn et al. 2018) as the origin of the TRAPPIST-1 planet compositions.
For accretion scenarios where planetesimals represent the primary carrier of water, our models suggest that planetary systems with 26 Al abundances similar to or higher than the solar system generically form terrestrial planets with low water mass fractions, f H 2 O O(wt%). This effect is more pronounced for planets further out from their host star, as embryos in these regions grow preferentially from water-rich solids. For a nonuniform distribution of 26 Al in Milky Way star-forming regions, the systematic water depletion in 26 Al-enriched systems suggests the existence of two qualitatively distinct classes of planetary systems: water-poor ( 26 Al-rich) and water-rich ( 26 Al-poor) systems, with a systematic mean-radius deviation for sub-Earth terrestrial planets between these classes. The resulting shape of the distribution of dry and wet planetary systems depends on the genuine, but unknown, distribution of 26 Al levels (Lugaro et al. 2018 ) among planet-forming systems and the nature and timing of protoplanet accretion. If rocky planets grow primarily from the accumulation of planetesimals, then the suggested deviation between planetary systems should be clearly distinguishable among the rocky exoplanet census. If, however, the main growth of rocky planets may proceed from the accumulation of small particles, such as pebbles, then the deviation between 26 Al-rich and 26 Al-poor systems may become less clear, and the composition of the accreting pebbles needs to be taken into account. Therefore, in future work, models of water delivery and planet growth need to synchronize the timing of earliest planetesimal formation (Drażkowska & Dullemond 2018) , the mutual influence of collisions (Lichtenberg et al. 2018) and 26 Al dehydration, the potential growth by pebble accretion (Johansen et al. 2015; Schiller et al. 2018; Alibert et al. 2018) , and the partitioning of volatile species between the interior and atmosphere of growing protoplanets (Ikoma et al. 2018 ) in order to further constrain the perspectives for rocky exoplanet evolution (Kite & Ford 2018) .
Methods

Planetesimal dehydration
We model water loss from instantaneously-formed planetesimals composed of a rock-ice mixture using numerical models that employ a conservative finite-differences, fully-staggered grid method coupled to a marker-in-cell approach (Gerya & Yuen 2007; Golabek et al. 2014 ). The thermo-chemical evolution of planetesimals is computed in a two-dimensional infinite cylinder geometry on a Cartesian grid, solving the Poisson, continuity, Stokes and energy conservation equations. We assume the planetesimals to be accreted with the temperature of the protoplanetary disk beyond the water snowline, T 0 = 150 K, which is kept constant during the evolution of the planetesimal utilizing the free-surface 'sticky-air' method (Crameri et al. 2012) . Heating is provided by the decay of 26 Al, which defines the radiogenic heat source term over time
with the chondritic abundance of aluminum, f Al (Lodders 2003 60 Fe, which may further boost radiogenic heating rates in extrasolar systems (Lichtenberg et al. 2016b; Nicholson & Parker 2017) . If the planetesimal interior reaches temperatures beyond the rock disaggregation threshold (Costa et al. 2009 ) at a silicate melt fraction of φ 0.4, where the rock viscosity drops by more than ten orders of magnitude, we approximate the thermal conductivity in the soft turbulence limit (Siggia 1994 ) with
with the convective heat flux, q, the temperature difference across nodes, ∆T , silicate density, ρ s , thermal expansivity of molten silicates, α liq , silicate heat capacity, c p , local gravity, g(x, y), and lower cut-off viscosity, η num . For numerical values used and further details and references on the code see Lichtenberg et al. (2016a) . The initial planetesimal water-to-rock ratio beyond the snowline is expected to be between ≈0.05 (Ciesla et al. 2015; O'Brien et al. 2018) , the water content of carbonaceous chondrites, and ≈0.5, as suggested by equilibrium condensation calculations (Lodders 2003) . Here, we adopt a value closer to the upper estimate, f H 2 O,init = 0.3, but our calculations only marginally depend on the adopted value. In general, during heat-up of a primordial water ice-rock mixture, ices melt and react with the ambient rock. The liquid water undergoes pore water convection and escapes quickly once the gas phase is reached (Grimm & McSween 1993) , but a small fraction of water may be trapped in hydrous silicate phases. Therefore, we numerically account for dehydration of parts of the planetesimal interior at a conservative upper limit of T ≥ T dry = 1223 K, the upper limit of the amphibolite stability field, when any possibly remaining hydrous silicate phases break down. At these high temperatures exsolved water vapor is lost quasi-instantaneously because planetesimals of this size cannot preserve an outgassed atmosphere. We do not resolve potential earlier water-loss from degassing (Castillo-Rogez & Young 2017), residual volatiles above T dry (Fu et al. 2017) , or ice sublimation during late and optically thin disk stages (Machida & Abe 2010) . Using these assumptions, we compute the expected ratio of dehydrated to primordial water-rock mixture at time t due to degassing,
with the dry fraction, X dry (t), of the total planetesimal interior, X plts , and the initial water-to-rock ratio, f H 2 O,init = 0.3. Under these conditions, a planetary system in the planet formation model is represented by an initial 26 Al 0 that corresponds to the time of planetesimal formation. If the 26 Al content may vary spatially within the disk, as it was suggested (Larsen et al. 2011; Schiller et al. 2015) , the solar system itself would be represented by a sub-canonical ( 26 Al 0 ≤ 26 Al ) value, similar to the effects of delayed planetesimal formation (Fig. 1b, cf . Lichtenberg et al. (2018) for a discussion of the effects on planetesimal evolution).
Planet formation
We compute the formation of planets and generate our synthetic planet populations using an updated version of the model of Alibert et al. (2005) . The computer code numerically treats the structure and evolution of the protoplanetary disk, the dynamical properties and accretion rate of planetesimals onto accreting protoplanets, the planetary envelope structure, and disk-planet interactions (Mordasini et al. 2009a (Mordasini et al. ,b, 2015 Benz et al. 2014 ). Here, we provide a brief summary of the most important code modules used in this work.
The protoplanetary disk model relies on the ShakuraSunyaev (Shakura & Sunyaev 1973 ) disk viscosity approximation (α disk = 2×10 −3 ) and computes the surface density evolution over time by solving the radial diffusion equation,
with the surface density, Σ, orbital radius, r, effective viscosity, ν, and gas accretion onto embryos,Q planet , calculated from removing gas in an annulus centered on the embryo with a width of one Hill radius,
with the planet semi-major axis, a planet , planet mass, M planet , and star mass, M star . Mass loss due to internal (EUV) photoevaporationΣ w (Clarke et al. 2001 ) is set ∝ r −5/2 outside of a gravitational radius of ≈ 5 au and external (FUV) photoevaporation (Matsuyama et al. 2003 ) is constant outside of ≈ 140 au, with the total mass loss being a free model parameter. The model used to represent the planetesimal disk relies on the initial central temperature and pressure from the disk model to compute the location of the water snowline, thereby neglecting radial drift of planetesimals (Sasselov & Lecar 2000) and that of the snowline. Drift timescales for planetesimals larger than 1 km exceed the disk lifetime by orders of magnitude (Weidenschilling 1977) .
We consider rocky planetesimals (ρ plts−dry = ρ rock = 3200 kg/m 3 ) inside, and rock-ice aggregates (ρ plts−ice,init = ρ H 2 O f H 2 O,init + ρ rock [1 − f H 2 O,init ]) beyond the snowline, which are fixed in radius and accrete onto the planetary embryo that is embedded in the disk in a single simulation. The residual water mass fraction, f H 2 O (t), of the accreting planetesimals is computed from the internal evolution (Planetesimal dehydration) and is translated to a decreasing planetesimal density, ρ plts−ice (t), and disk solid surface density, Σ plts−ice (t), by reducing the planetesimal density as
In this formulation, lost water is assumed to be replaced by pore space and the planetesimal radius stays constant. The solid surface density available for embryos to accrete beyond the iceline thus changes with
In our nominal model, a single embryo of initially lunar mass, M = 0.0123 M Earth , is placed randomly between specific inner and outer bounds within the protoplanetary disk (Parameter space), with a dry composition inside the snowline, and wet outside. It starts accreting solids (planetesimals) and gas, and may migrate in the type I and II regime, depending on the embryo mass and physical structure of the disk at a given orbit (Dittkrist et al. 2014) . The solid accretion rate (Inaba et al. 2001; Inaba & Ikoma 2003) takes into account the captured atmosphere. Planetesimal excitation and damping is computed by taking into account self interactions and damping by gas drag . We ignore water loss due to collisions, which may further reduce the water inventory (Genda & Abe 2003; Schlichting et al. 2015; Inamdar & Schlichting 2016; Burger et al. 2018) dependent on the frequency of such interactions, and accretion of smaller solid particles (Johansen et al. 2015; Bollard et al. 2017; Schiller et al. 2018 ) ('pebbles') that may shift the ratio of dry to wet accreted primitive materials (Connelly & Bizzarro 2016) . Gas accretion due to planetary contraction is considered using a dust opacity reduction factor of 0.01 compared to interstellar values (Pollack et al. 1996; Alibert et al. 2013) .
G star settings are identical to the Sun's values. The properties for the M star runs are scaled down. We choose a fixed mass of M star = 0.2 M for the M stars. The radius of the star is set to
with luminosity (Demircan & Kahraman 1991 )
and temperature
with stellar radius, R star , stellar mass, M star , and StefanBoltzmann constant, σ. The disk dimensions, exponential cut-off radius and the embryo placement boundaries (Parameter space) are reduced to account for the lower masses and sizes of M star disks. Thus, initially all embryos form closer to the star compared to the G star populations. The initial disk mass follows the scaling law (Alibert et al. 2011 )
with the internal photoevaporation rate adapted to match similar mean lifetimes compared to the G star simulations. In reality, these could be anti-correlated with stellar mass (Kennedy & Kenyon 2009) , which would increase the efficiency of the 26 Al-dehydration mechanism for M stars due to longer accretion timescales.
Interior structure & evolution
The interior structure and the long-term evolution of the planets is calculated as described in Mordasini et al. (2012) by solving the classical one-dimensional radially symmetric interior structure equations of mass conservation, hydrostatic equilibrium, and energy transport (Bodenheimer & Pollack 1986 )
where r p is the radial distance from the planet's center, m the enclosed mass, P the pressure, ρ the density, and G the gravitational constant. The intrinsic luminosity of a planet is assumed to be constant as a function of the planet radius. The gradient ∇ depends on the process by which the energy is transported (radiative diffusion or convection). These calculations yield the radii of the planets given their mass and bulk composition, namely the mass fractions of iron, silicates, water, and H/He, as an output from the planet formation and planetesimal dehydration models.
For the H/He envelope, the equation of state of Saumon et al. (1995) is used to solve the structure equations, while for the solid part of the planet, including the water content, the modified polytropic equations of state of Seager et al. (2007) are employed. The transit radius is estimated as in Guillot (2010). The loss of the primordial H/He envelope by atmospheric escape is considered in the energy-and radiation-recombinationlimited approximation as described in Jin et al. (2014) and results in the loss of the primary atmosphere for low-mass planets at smaller orbital distances. Because of the limited water solubility in silicate mantles, the radius of planets without primordial H/He envelopes depends strongly on the water mass fraction (Jin & Mordasini 2018) , and thus reveals the dehydration pattern caused by different contents of 26 Al. Here, we do not treat interior-atmosphere exchange during early magma ocean phases that may further fractionate the volatile distribution within the body, in particular for close-in planets (Ikoma et al. 2018 ).
Parameter space
From γ-ray observations there is evidence for a widespread and heterogeneous distribution of 26 Al in the galaxy (Lugaro et al. 2018) . Observational evidence from young star-forming regions and theoretical work suggest a non-uniform enrichment pattern among planetary systems (Adams et al. 2014; Gounelle 2015; Pfalzner et al. 2015; Lichtenberg et al. 2016b; Kuffmeier et al. 2016; Parker et al. 2017; Nicholson & Parker 2017; Dwarkadas et al. 2017; Lugaro et al. 2018 ) with order of magnitude deviations from the solar system's 'canonical' 26 Al value (Kita et al. 2013) 26 Al abundance, the radii of planetesimals during accretion yield different thermal evolutionary sequences and thus dehydration patterns (Lichtenberg et al. 2016a; Monteux et al. 2018) . Here, we test values in the range r plts ∈ [1, 100] km. However, we note that from asteroid-belt inferences and numerical studies of the streaming instability mechanism, radii larger than 30-50 km (Johansen et al. 2015; Klahr & Schreiber 2016; Simon et al. 2017; Delbo et al. 2017; Tsirvoulis et al. 2018 ) are expected. All parameter models not listed in the Methods are identical to those used in Lichtenberg et al. (2016a) and Monteux et al. (2018) . In the planet formation model, the innermost disk radius is of the order 0.1 au and can vary over time.
Disk lifetimes are distributed around 5 Myr, which is controlled via the photoevaporation rate ) and in agreement with current disk surveys (Meng et al. 2017; Kral et al. 2017) . The initial embryos are placed within the boundaries of [0.05, 40] au for G stars, and [0.086, 23.4 ] au for M stars. We vary in a Monte Carlo fashion (Mordasini et al. 2009a ) the disk mass, lifetime, dust-to-gas ratio and the exponential cut-off radius (Mordasini et al. 2012) to represent the diversity found in nature (Andrews et al. 2010; Ansdell et al. 2016 ).
Code and data availability
The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request.
